A new Fabry-Pérot cavity antenna simultaneously producing a highgain and a wide beamwidth is proposed. To get increased antenna gain and reduced back radiation, all the openings of the antenna are enclosed with metallic walls, and to obtain a broader beamwidth, the antenna has been fabricated in a rectangular shape, with an aspect ratio of about 3.5:1. In addition we propose a new method to more accurately predict the frequency of the maximum gain by considering a resonance mode of the cavity enclosed by metallic walls. Good agreement between the prediction and measurement results ensures the validity of the new design approach to provide easy control of gain and beamwidth at the same time.
Introduction: Recently, owing to popularisation of mobile communication, the number of mobile subscribers has increased rapidly. For that reason base station antennas usually need a high-gain and sectoral beam patterns in an azimuthal direction to increase communication capacity and cell coverage. To meet those requirements, array antennas consisting of patches or dipoles are widely used [1] . But, one of the problems in array antennas is a complicated feeding network that causes signal losses on account of a substrate loss or unwanted radiation from signal lines.
An electromagnetic bandgap (EBG) antenna [2] or a Fabry-Pérot (FP) cavity antenna [3] provides very high-gain with a simple feeding structure. But the highly-directive behaviours of those antennas often produce beam patterns that are too sharp to be used in base station applications. To get broader radiation patterns in an azimuthal direction, FP cavity antennas with a large aspect ratio have been proposed [4, 5] . In this Letter, we present a new FP cavity antenna for wireless broadband internet (WiBro) (2.3 -2.39 GHz) base stations. All the openings of our antenna in lateral directions are blocked by metallic walls. The radiating aperture is intentionally formed into a rectangular shape with a large aspect ratio. Consequently we can obtain high-gain, low backward radiations, and wide beamwidth in an azimuthal direction at the same time.
Moreover, we present a new method to predict the resonance frequency of our antenna more accurately by taking the TE 011 resonance mode of the rectangular cavity into account. Good agreement between the theoretically predicted and measured data verifies the validity and usefulness of our design approach. All simulation is performed using CST Microwave Studio.
Analysis and measured results:
The photograph of the fabricated antenna and the geometry of the unit cell used in the superstrate are shown in Fig. 1 . The partially reflective surface (PRS) superstrate is placed above the ground plane with spacing of h. For the unit cell of the superstrate, meandered metal square loops are printed on a commercial Taconic TLY-5 dielectric laminate with thickness t ¼ 1.57 mm and dielectric constant 1r ¼ 2.2. All openings of the cavity in the lateral directions are enclosed with thin metallic walls to block leaky waves that can cause unwanted side lobes and gain decrease. For signal feeding into the cavity, a rectangular patch antenna measuring 3.56 by 2.15 cm is printed on the 1.57 mm-thick dielectric substrate of 1r ¼ 3. The aspect ratio of our antenna in the x-and y-directions is about 3.5:1. 
In general, the resonant frequency of a FP cavity antenna is determined from a cavity height and reflection phases of the superstrate and substrate, which is given by:
where c is the speed of light in vacuum, h is the cavity height, and f prs and f ground are reflection phases of the PRS and ground plane, respectively. But when the antenna is blocked by side walls (1) is not sufficient and should be modified to consider the effect of metallic walls for a more accurate prediction of antenna performance. Here, we provide a new analysis method presenting a more practical approach. A new resonant frequency of the rectangular cavity including the upper PRS can be written as
where a and b denote the lengths of the antenna in the x-and y-directions, and m and n mean integer numbers determining specific modes in the cavity. Fig. 2 shows the difference of cavity sizes predicted using (1) and (2). The predicted cavity height, h, of the antenna is shown in Fig. 2a with fixed b ¼ 166.7 mm. As we can see in Fig. 2a , the two methods give rise to a difference of more than 100 MHz in resonant frequencies for the same fixed h, which is not negligible. And Fig. 2b also shows the calculated cavity width, b, with fixed h ¼ 71.14 mm. Though not shown here, a TE 011 mode is dominant inside the cavity, which yields a uniform electric field distribution along the x-axis. Therefore, the cavity width, a, does not have any effect on the resonant frequency of the cavity. To certify the validity of our new prediction method, antenna gains for four different sets of parameters, which yield the maximum gains at the same resonant frequency, are computed (Fig. 3a) . In spite of using different dimensions, all the resonant frequencies are the same as 2.35 GHz, which is not possible using the conventional approach written in (1) . Another benefit of installing metallic side walls is a gain increase, which is shown in Fig. 3a . We have shown the effect of an antenna width, b, on a main beam width, which is shown in Fig. 3b . The beam width in a H-plane is inversely proportional to the antenna length b. This means that we can control the beam width by changing the size of the antenna, which is one important target of this Letter. Therefore, it can be said that our antenna is very adequate for base station applications that need a highgain and a broad beam width at the same time. All the patterns in Fig. 3b are computed at 2.35 GHz. Comparison of the predicted data with the measured results is given in Fig. 4 . There is a little frequency shift in gains, but the two results agree well with each other. Radiation patterns at the maximum gain frequency are shown in Fig. 4b , which also show good agreement. The measured 3 dB beam width is about 128 and 488 in the E-and H-plane, respectively. These measured results well meet the specification of the base station antenna. The total efficiency is about 90% and the front-to-back ratio (FBR) is no more than 230 dB in both E-and H-planes, which are excellent. Conclusions: We propose a novel Fabry-Pérot cavity antenna for WiBro base stations. Added metallic side walls and modified antenna dimensions are helpful to enhance the gain, to reduce back radiation, and to control the beam width of our antenna. In addition, using the newly proposed resonant frequency prediction method, we can design our antenna more accurately. Good agreements between the measured and theoretically predicted behaviours ensure the validity of our design and prediction method. 
